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WATER FILTRATION SYSTEM AND
METHOD

RELATED APPLICATIONS

This application claims priority to U.S. Provisional Appli-
cation No. 62/428,991 filed on Dec. 1, 2016, the entire
contents of which are incorporated herein by reference.

BACKGROUND

Water {iltration systems are frequently used in a variety of
settings 1ncluding residential and commercial applications 1n
which the systems are designed to remove contaminants and
other impurities from the water supply to provide filtered
water to an end user. To that end, water quality varies
drastically globally, which requires unique filtration param-
cters tailored to the specific properties of the water being
filtered and the level and quality of filtration desired by the
end user.

Water filtration systems typically include a filter cartridge
coupled to a manifold, and are usually installed at any
number of locations along the water supply line. For
example, a water filtration system may be installed m a
refrigerator in communication with a bult-in water dis-
penser. Additionally, a water filtration system may be
installed under a countertop that supports a sink and/or a
faucet. Alternatively, or 1n addition, a water filtration system
may be employed on the faucet itself. Finally, other types of
water filtration systems may be utilized at some other point
in the water supply between the main water line that supplies
water from a municipal or city water source to the end
dispensing point (e.g., a faucet, water dispenser, etc.).

In many instances, water filtration systems utilize a
changeable and disposable filter cartridge when the filter
cartridge has reached the end of 1its operable life. However,
such cartridges are typically diflicult to disengage, and
changing out such cartridges regularly results 1n leakage of
water. Thus, there 1s a need for a quick change mechanism
that includes tactile, audible, and/or visual feedback to the
user that the cartridge 1s fully installed and that substantially
prevents leaks from either the filter cartridge or the system
before and after installation. Still further, a need exists for an
clectronic leak detection sensor that 1s operable to signal to
a user that a leak exists 1n the water filtration system.

Still turther, after shut down of many currently available
water filtration systems, salt can build up along one or more
locations within such systems. Salt build up can cause
contamination of the clean water that the filter system 1s
designed to produce. More specifically, when a reverse
osmosis (RO) element 1s provided within the water filtration
system, such an element typically requires high cross flow
velocities to reduce the level of particulate build up 1n the
feed stream and to fight concentration polarization. For a
conventional RO system to become more eflicient, it has to
restrict the draimn. However, the cross tlow velocities may
eventually become too low to be eflective. There 1s therefore
a need for a system that 1s designed to re-circulate some
permeate water back throughout the system.

As such, there 1s a need to provide a system that addresses
one or more of the above noted problems that may be
associated with current residential water filtration systems.

SUMMARY

A water filtration system 1s disclosed that 1s fluidly
coupled with a water feed line and/or a water supply line not
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shown) and 1s designed to filter contaminates from the water
supply. The water filtration system includes an outer hous-

ing, a front cover, a rear cover, a pump, a reverse 0Smosis
(RO) element, a pre-filter cartridge, a post-filter cartridge, a
permeate tlush tank, a RO manifold, and a sensor manifold.
The water filtration system further includes at least one
solenoid. When assembled, a RO housing, a pre-filter hous-
ing, and a post-filter housing surround the RO element, the
pre-filter cartridge, and the post-filter cartridge, respectively.
One or more of the filter cartridges may hold replaceable
filtration media 1n their respective interior cavities. Con-
taminants and other impurities are removed as water flows
through the filtration media of the filter cartridges. The water
filtration system may also include a magnetic cover attach-
ment, one or more leak detection sensors, a permeate tlush
portion, and a concentrate recirculation portion.

These and other aspects will become apparent 1n light of
the following detailed description.

DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic illustration of a water {filtration
system:

FIG. 2 1s an exploded 1sometric view of a water filtration
system embodying aspects of the schematic of FIG. 1;

FIG. 3 1s an 1sometric view of the water filtration system
of FIG. 2;

FIG. 4 1s a partial 1sometric view of a front cover of the
water filtration system of FIG. 2;

FIG. 5 1s an 1sometric view of some components of the
water {iltration system of FIG. 2;

FIG. 6 1s an 1sometric view of a reverse osmosis (RO)
clement that may be included 1n the water filtration system
of FIG. 2;

FIG. 7 1s a side elevational view of the RO element of
FIG. 6;

FIG. 8 15 a top 1sometric view of the RO element of FIG.
6.

FIG. 9 1s a top plan view of the RO element of FIG. 6;
FIG. 10 1s a bottom plan view of the RO element of FIG.
6.

FIG. 11 1s an exploded view of the RO element of FIG. 6,
a RO manifold, and a plurality of connecting elements;

FIG. 12 15 a partial 1sometric view of the RO element, the
RO manifold, and the plurality of connecting elements of
FIG. 11 1n a pre-engaged state;

FIG. 13 a partial 1sometric view of the RO element, the
RO manifold, and the plurality of connecting elements of
FIG. 11 1n an engaged state;

FIG. 14 1s a partial 1sometric view of a sensor disposed
adjacent the connecting elements of FIG. 11;

FIG. 15 1s a partial cross-sectional view of the RO
clement and the plurality of connecting elements taken along
line 15-15 of FIG. 11;

FIG. 16 1s another partial cross-sectional view of the RO
clement and the plurality of connecting elements of FIG. 15;

FIG. 17 1s an 1sometric view of the water filtration system
of FIG. 2 with a translucent from cover to 1llustrate magnets
disposed within the housing;

FIG. 18 1s an 1sometric view of a post-filter element that
1s optionally included 1n the system of FIG. 2;

FIG. 19 1s an 1sometric view of a pre-filter element that 1s
optionally included 1n the system of FIG. 2;

FIG. 20 15 a top 1sometric view of the post-filter element
of FIG. 18:

FIG. 21 1s a top 1sometric view of the pre-filter element of

FIG. 19;
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FIG. 22 1s a bottom 1sometric view ol the water filtration
system of FIG. 2 with a translucent outer cover to 1llustrate

leak detection sensors within the system:;

FIG. 23 1s a schematic illustration of a portion of FIG. 1
showing a permeate flush portion of the system;

FIG. 24 1s a schematic illustration of a portion of FIG. 1
showing a concentrate recirculation portion of the system;

FIG. 235 15 a schematic 1llustration of another embodiment
ol a water filtration system;

FIG. 26 15 a schematic illustration of yet another embodi-
ment of a water filtration system; and

FI1G. 27 1s a schematic 1llustration of still another embodi-
ment of a water filtration system.

DETAILED DESCRIPTION

Before any embodiments are explained in detail, it 1s to be
understood that the embodiments disclosed herein are not
limited 1n application to the details of construction and the
arrangement of components set forth in the following
description or illustrated in the following drawings. Also, 1t
1s to be understood that the phraseology and terminology
used herein 1s for the purpose of description and should not
be regarded as limiting. The use of “including,” “compris-
ing,” or “having” and variations thereof herein 1s meant to
encompass the items listed thereatiter and equivalents thereof
as well as additional items. Unless specified or limited
otherwise, the terms “mounted,” “connected,” “supported,”
and “coupled” and vanations thereof are used broadly and
encompass both direct and indirect mountings, connections,
supports, and couplings. Further, “connected” and
“coupled” are not restricted to physical or mechanical con-
nections or couplings. The term “upstream” refers to a

location closer to the inlet of the water, while the term
“downstream” refers to a location closer to the outlet of the
walter.

The following discussion i1s presented to enable a person
skilled 1n the art to make and use embodiments of the
invention. Various modifications to the illustrated embodi-
ments will be readily apparent to those skilled 1n the art, and
the generic principles herein can be applied to other embodi-
ments and applications without departing from embodi-
ments of the invention. Thus, embodiments of the invention
are not intended to be limited to embodiments shown, but
are to be accorded the widest scope consistent with the
principles and features disclosed herein. The following
detailed description 1s to be read with reference to the
figures, 1n which like elements 1n different figures have like
reference numerals. The figures, which are not necessarily to
scale, depict selected embodiments and are not intended to
limit the scope of embodiments of the invention. Skilled
artisans will recognize that the examples provided herein
have many usetul alternatives and fail within the scope of
embodiments of the mmvention.

A Reverse Osmosis (RO) water filtration system 20 1s
generally illustrated 1in FIGS. 2-4 and 22 and includes
numerous features that make the system unique to the
residential market (e.g., designed to be used by homeowners
at their place of residence). For example, the water filtration
system 20 does not use a large water storage tank, and
instead uses one or more larger membranes in order to
provide on demand filtered water to the end user. The system
20 1s designed to be tankless and uses a pump 22 and various
flow channels to increase cross flow velocity across one or
more membranes, which allows for higher water recoveries.
To reduce Total Dissolved Solids (TDS) creep (e.g., salt
passage or salt diffusion), a permeate water flush tank 24
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4

may be in fluid communication with an RO element or
cartridge 26, the flush tank 24 being used to store permeate
that can be used to flush salts or other impurities in the
permeate line. In some embodiments, water that 1s stored in
the flush tank 24 can be used to flush the concentrate side of
the RO cartridge 26 to reduce the salt levels 1n the feed
stream, which 1n turn reduces the salt passage across the RO
cartridge 26. As shown 1n FIG. 1, the flush tank 24 may be
provided 1n parallel with respect to the RO cartridge 26 such
that the flush tank 24 and the RO cartridge 26 form a loop.

The filtration system 20 may be used 1n numerous settings
and may be secured to a variety of surfaces. For example, the
filtration system 20 may be secured to a vertical wall under
a sink adjacent the water feed line. In another instance, the
system 20 may be secured to a horizontal floor or a wall
under a sink adjacent a water feed line. In some 1nstances,
the system 20 15 1n fluid communication with the water feed
line and may not be secured to any other surfaces.

Referring to FIGS. 1 and 2, the system 20 1s designed to
use one or more sensors 28, which may include a variety of
conductivity, pressure, flow, and temperature sensors. The
one or more sensors 28 may be provided alone the inlet of
the system 20 to measure any one of the foregoing charac-
teristics of the water prior to treatment, or may be provided
along either the drain line or the permeate water line to
measure one or more of the foregoing characteristics of the
waste water or the permeate water, respectively. The system
20 may also include one or more Total Dissolved Solids
meters 29 (TDS meter), which may be used to measure the
TDS levels 1n the water. The one or more sensors 28 and the
one or more TDS meters 29 are in communication with a
controller 30, which may include a memory and a processor,
and 1s further coupled to one or more pumps, solenoids,
other valves, and/or other components within the system 20.
The controller 30 allows for operation of the system 20
without causing damage to the various components housed
within. The one or more sensors 28, the one or more TDS
meters 29, and/or the controller 30 are coupled with a
graphical user iter lice 32, which may be a digital screen
(see FIGS. 3 and 4), a touchscreen, or the like that outputs
operational parameters to a user or technician of the system
20. In some forms, the output information could be shared
remotely.

FIGS. 1-4 illustrate the water filtration system 20 that 1s
fluidly coupled with a water feed line (not shown) and/or a
water supply line (not shown) and 1s designed to filter
contaminates from the water supply. Referring to the
exploded view of FIG. 2, the water filtration system 20
includes one or more of the pump 22, the permeate flush tank
24, the RO cartridge 26, an outer housing 34, a front cover
36, a rear cover 38, a pre-filter cartridge or element 40, a
post-filter cartridge or element 42, a RO mamifold 44, and a
sensor manifold 46. The RO manifold 44 and the sensor
mamfold 46 are shown more clearly mn FIG. 5. Referring
again to FIGS. 1 and 2, the water filtration system 20 further
includes a first solenoid valve 48 and a second solenoid
valve 49. When assembled, a RO housing 50, a pre-filter
housing 52, and a post-filter housing 34 surround the RO
cartridge 26, the pre-filter cartridge 40, and the post-filter
cartridge 42, respectively. The filter cartridges 26, 40, 42
hold replaceable filtration media in an interior cavity and
contaminants and other impurities are removed as water
flows through the filtration media of the filter cartridges 26,
40, 42.

FIG. 2 depicts a front bracket 56 that 1s provided adjacent
the front cover 36, and a rear bracket 38 that 1s provided
adjacent the rear cover 38. The system 20 also includes a
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from support 60 disposed between the front bracket 56 and
the front cover 36. A RO cap 62 and a pre-filter cap 64 are
disposed adjacent the RO cartridge 26 and the pre-filter
cartridge 40, respectively. An electronics port 66 1s included,
which 1s configured to receive one or more inputs 1n the form
of electrical cords, or some other input. The electronics port
66 may be coupled with the controller 30, a memory, a
processor, or any combination thereof. A plurality of secure-
ment mechanisms 68 are also shown 1n the exploded view of
FIG. 2. The securement mechanisms 68 are designed to
retain the various components within the system 20 and are
provided 1n the form of fasteners, screws, bolts, rivets, nails,
or any other securement mechanism known to those of
ordinary skill 1n the art.

Referring to FIGS. 2-4, the outer housing 34 1s provided
in the form of a substantially triangular and elongate body
that includes a front opeming 70 and a rear opening 72. The
rear opening 72 also includes a cutout 1n the form of an
clectronics opening 74 that 1s configured to receive the
clectronics port 66 when fully assembled. The outer housing
34 includes one or more tracks 76 disposed along an 1nterior
side 78 that are operable to engage with one or more of the
system components and to hold the components 1n place
during and before use of the water filtration system 20. The
one or more tracks 76 may be parallel with respect to one
another along a length of the outer housing 34. The one or
more tracks 76 may provide a lock and key feature with one
or more of the components disposed within the housing to
hold the one or more components in place when the system
20 1s fully assembled.

Another aspect of the present disclosure, the quick change
aspect will now be described. Referring to FIGS. 6-16, the
RO cartridge 26 1s shown more clearly. The RO cartridge 26
includes a base 80 with a plurality of feet 82, a body 84, a
shoulder 86, and a neck 88. Disposed along the neck 88 are
a plurality of engagement protrusions 90. The engagement
protrusions 90 are configured to engage with the RO cap 62,
which 1s shown 1n an exploded form 1n FIG. 11. The RO cap
62 includes a revolving ring 92, a revolving head 94, a
gasket 96, and an end plate 98. An O-ring 100 1s also shown
disposed between the end plate 98 and the RO manifold 44.
As will be described 1n greater detail below, the engagement
protrusions 90 of the RO cartridge 26 are slid through
engagement slots 102 along an inner surface 104 of the
revolving ring 92 of the RO cap 62 into cammed slots 106
provided along an outer wall of the revolving head 94. When
assembled, the revolving ring 92 and the gasket 96 are
fixedly attached to the RO manifold 44 with one or more
securement mechanisms.

Referring now to FIG. 12, the RO cartridge 26 1s shown
prior to insertion 1nto the assembled RO cap 62. As shown
in FIG. 12, the engagement protrusions 90 are aligned with
the engagement slots 102 and are preferably oriented such
that the protrusions 90 will only fit 1n one orientation when
engaged with the RO cap 62. During installation, the pro-
trusions 90 on the RO cartridge 26 are inserted through the
slots 102 on the RO cap 62. During this step, a plurality of
bores 110 (see FIGS. 6 and 8) on the RO cartridge 26 begin
to engage with one or more posts 112 on the end plate 98.
The pre-filter cartridge 40 and the post-filter cartridge 42
also 1nclude a plurality of bores 110 that may interface with
a plurality of posts on other end plates.

Referring to FIGS. 13 and 14, once the RO cartridge 26
has been iserted into the RO cap 62, when a user initiates
a counterclockwise rotation of the RO cartridge 26, 1t will
begin to move axially towards the RO manifold 44, and wall
start to engage with check valves 114 (see FIG. 6) along a

10

15

20

25

30

35

40

45

50

55

60

65

6

distal end 116 of the neck 88 by further engaging with the
posts 112 on the end plate 98. During this twisting action, the
end plate 98 will turn with the RO cartridge 26 and move
towards opening the flow path between the RO manifold 44
and the RO cartridge 26. Once all of the check valves 114
are engaged with the posts 112 and the tlow paths are nearly
engaged, the protrusions 90 on the neck 88 of the RO
cartridge 26 contact the end of the cammed slots 106 (see
FIG. 13) on the revolving head 94, thus, the RO cartridge 26
will no longer move axially. Once at the end of the slots 106,
the protrusions 90 are able to engage with and turn the
revolving head 94. In some embodiments, the revolving
head 94 has a snap feature that provides tactile feedback to
the user, on both extremes of the revolving head’s range of
motion. Once the revolving head 94 1s completely turned
and locked, the flow paths are fluidly coupled between the
system 20 and the RO cartridge 26.

Additionally, and referring to FIG. 14, in some embodi-
ments, a position sensor 121, which may be a Hall effect
sensor, 1s 1ncluded that alerts the controller 30 when each of
the cartridges 26, 40, 42 1s locked into place. One type of
Hall Effect sensor 1s a transducer that varies its output
voltage 1n response to a magnetic field that operates as an
analog transducer, directly returning a voltage.

FIG. 17 depicts a magnetic cover attachment feature of
the system. In some embodiments, the front cover 36 of the
outer housing 34 of the RO system 20 1s connected to the
housing 34 via one or more magnets 120. The one or more
magnets 120 may be provided along the inner side of the
outer housing 34, along an 1ner or outer side of the front
cover 36, or along another component. The magnets 120 are
designed to allow for easy removal of the front cover 36
such that a user may achieve easier access mnto the outer
housing 34 to change any of the components therein, includ-
ing the RO cartridge 26. In one specific embodiment, three
magnets 120 are provided to secure the front cover 36 to the
housing 34.

FIGS. 18-21 further depict the quick change feature with
respect to the pre-filter cartridge 40 and the post-filter
cartridge 42. The quick change feature for the cartridges 40,
42 1s similar to that as described above with respect to the
RO element 26. The quick change feature 1s a quick connect
(lock and key) feature that allows the filters the pre-filter
cartridge 40, the post-filter cartridge 42) to be attached
and/or unattached to portions of the system 20 through a
twisting motion. The cartridges 40, 42 each include check
valves 114 that are opened when the filters 40, 42 are
attached as a part of the system 20, as discussed above, and
close when the cartridges 40, 42 are removed from engage-
ment with the system 20. There can be numerous protrusions
90 on the cartridges 40, 42 that engage slots on the filter
heads to lock the cartridges 40, 42 1n place.

One or more of the pre-filter cartridge 40, post-filter
cartridge 42, and/or RO element 26 may include endcaps
that are designed to help secure the filters 1n the housing 34.
Additionally, 1n one embodiment, the pre-filter cartridge 40
may 1nclude a centrally disposed carbon block or
Fiberdyne® branded filter surrounded by a pleated filter.

FIG. 22 1llustrates another aspect of the present disclo-
sure, which 1s electronic leak detection. One or more leak
sensors 122 are provided inside of the RO system 20 that can
provide a signal to the controller 30 to shut down the system
20 11 a leak 1s detected. The benefit of having more than one
(at least two) sensor(s) 1s that two or more sensors can
reduce the risk of a false positive due to moisture of
non-catastrophic drips. The electronic leak detection sensors
122 1n the RO system 20 can send a signal to warn the user
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and/or shut down the system by using resistive or signal-
based sensing means. The leak sensors 122 are designed to
signal the controller 30 to shut down the pump 22 and inlet
solenoid 48 when water comes 1n contact with both of the
leak sensors 122. In some embodiments, one to four leak
sensors 122 are disposed within the enclosure of the system
20. In some embodiments, more than four leak sensors 12
are included.

In some forms, 11 a fitting or other component leaks within
the outer cover 44 of the system 20, the controller 30 may
be programmed to determine that such a leak indicates a
demand for water and the system 20 will run until that
demand 1s filled. In such an instance, the system 20 would
run non-stop if the leak 1s constant. The leak sensors 122
communicate to the controller 30, if a leak 1s detected, to
shut down the pump 22 and the inlet solenoid 48. As
discussed above, two or more of the leak detection sensors
122 may be used instead of one single sensor to reduce false
positives. Being able to shut down the pump 22 11 a leak 1s
detected may be important, and utilizing two leak sensors
122 can reduce the risk of a false positive due to moisture or
non-catastrophic drips. It may be desirable to prohibit the
pump 22 from shutting ofl unless two or more of the leak
sensors 122 detect a water leak.

Referring now to FIG. 23, another aspect of this disclo-
sure, the “permeate flush™ aspect, will now be discussed. A
permeate flush loop 129 1s shown 1n FIG. 23. In typical RO
systems, a “permeate flush™ operation 1s a cleaning tech-
nique used to reduce the level of salts on the feed side of the
membrane during an “off” period or cleaning cycle. This
technique helps to increase the life of membranes used 1n the
system by reducing the potential of hardness scaling. It also
reduces the amount of salt that passes through the membrane
during an “off” or “rest” cycle The RO system 20 discussed
throughout includes a “permeate flush” mode that 1s
designed to re-circulate some of the permeate water that
exits the RO cartridge 26 back into the inlet of the RO
cartridge 26. The RO system 20 uses a hydro-pneumatic
flush tank as the flush tank 24 to store pressurized permeate
water, however, alternative flush tanks may be used. In order
to control when the flush occurs, a flush solenoid 128 1s used
to open the flow path between the permeate water and the
teed water. Referring back to FIG. 1, the system 20 may
have one or more of a first check valve 130, a second check
valve 132, a third check valve 134, and/or a fourth check
valve 136 within the permeate flush loop 129. The check
valves 130, 132, 134, 136 are some of the check valves 114.
In some embodiments as discussed below, the permeate
flush loop 129 1s not included 1n the system 20.

Still referring to FIG. 23, the third check valve 134
prevents the flow of feed water into the permeate stream.
The first check valve 130 and/or the fourth check valve 136
prevent back flow of permeate water through the RO car-
tridge 26. The fourth check valve 136 also may prevent
water stored in the flush tank 24 to mix with the water
provided to the user. The second check valve 136 1s placed
between the flush line and a high pressure switch/sensor 138.
This 1s to allow for flushing during “off”” times without
reactivating the pump 22 by signaling the high pressure
switch 138.

Generally, the method of reverse osmosis permeate tlush-
ing results w some of the permeate water from the reverse
osmosis element being re-circulated back 1nto the inlet of the
RO cartridge 26 for time-based flushing purposes. Flushing
preferably occurs 11 the system 20 has not been used within,
e.g., eight hours or seven hours, or six hours, or five hours,
or four hours, or some other amount of time. If the system
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20 1s used within eight hours, for example, then the flush
tank 24 may act as a bufler for at least partial Total Dissolved
Solid (TDS) creep. The purpose of flushing the RO cartridge
26 with permeate water 1s to prevent stagnant water and to
reduce TDS creep across the RO cartridge of the RO
cartridge 26.

Now referring to FI1G. 24, another aspect of the disclosure
related to concentrate recirculation will now be discussed. A
concentrate recirculation loop 141 1s shown in FIG. 24. In a
preferred embodiment, the system 20 1s operable to recir-
culate or redirect a controlled amount of water from the
concentrate or drain line back to the inlet of the pump 22
where 1t 1s mixed with the feed water. The concentrate
recirculation loop 141 of the system 20 1s shown 1n FIG. 24.
The concentrate re-circulation loop includes the pump 22,
one of the TDS meters 29, the RO cartridge 26, a portion of
a drain line 144, a flush line 146, and a first flow restrictor
148. As discussed above, 1n a typical RO system, cross flow
velocities are designed to be maintained during filtration in
order to prevent the accumulation of particulates on the
membrane surface and 1n the feed spacer. Typically, the flow
ol concentrate water to the drain line provides enough tlow
to prevent this build up. However, as RO systems become
more eflicient and direct less water to the drain, this flow rate
must be supplemented. To do this, a controlled amount of
water 1s re-directed from the concentrate or drain line back
to the inlet of the pump where 1t 1s mixed with the feed
water. The output tlow rate through the recirculation line 1s
a Tunction of the RO element design and how much water 1s
being directed to the drain (or how efliciently the system 1s
being run).

Referring again to FIG. 1, the drain line 144 extends from
the RO cartridge 26 toward a drain 147. The drain line 144
separates at an intersection point such that a second flow
restrictor 149 1s provided along a first branch 151 and the
flush solenoid valve 49 1s provided along a second branch
153. The flow restrictor 149 can restrict the flow of water
therethrough, while the flush solenoid 49 can be open,
closed, or partially open to allow water therethrough. The
first branch 151 and the second branch 153 come together to
reform the drain line 144, which ultimately leads to the drain
147. A faucet line 155 extends between the RO cartridge 26
and a faucet 160.

Still referring to FIG. 1, the system 20 will now be
described in further detail. Water enters the system 20 and
may pass through a strainer 161, which may be any strainer
known to those of ordinary skill in the art. After passing
through the strainer 161, the water passes the low pressure
switch 150, through the solenoid valve 48, and past both the
TDS meters 29 and one of the sensors 28, which may be a
temperature sensor. The water then passes through the
pre-filter 40, past another one of the sensors 28, which may
be a flow meter, and into the pump 22. The pump 22 pumps
the water into the RO element 26, where water 1s either
directed toward the drain 147 or toward the faucet 160.
Water directed toward the drain 147 may be recirculated
through the recirculation loop 141 and water directed toward
the drain may be redirected through the flush loop 129.

Water that 1s redirected through the recirculation loop 141
exits the RO element 26, passes by one of the TDS meters
29, passes through the first tlow restrictor 148, and re-enters
the inlet stream at the nlet of the pump 22. Water that does
not enter the recirculation loop 141 flows through the drain
line 144 and 1s directed through either the first branch 151
or the second branch 153. Water directed through the first
branch 151 flows through the second flow restrictor 149 and
water directed through the second branch 153 passes
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through the solenoid valve 49 11 the solenoid valve 49 1s 1n
an open configuration. Water that 1s redirected through the
flush loop 129 passes through the first check valve 130, the
fourth permeate cheek valve 136, 1s stored 1n the flush tank
24 until flushing commences, then passes through the flush
solenoid valve 128, the third check valve 134, and re-enters
the mlet stream at the 1nlet of the RO cartridge 26. Water that
does not enter the tlush loop 129 exits the RO cartridge 26,
passes through the first check valve 130, passes through the
post-filter 42, past one of the sensors 28, which may be a
flow meter, through the second check valve 132, past the
high pressure switch 138, and past one of the TDS meters 29
to the faucet 160.

In some embodiments, the system 20 could be re-config-
ured to allow for back-flushing of the RO cartridge 26 at a
controlled flow or pressure. Referring to FIGS. 3-4, the
system 20 includes the graphical user interface 32 and/or
digital display which may output readings from the TDS
meter 29 or any of the other components 1n the system 20.
The TDS meter 29 may be located along different portions
of the system 20 and supplies the end user with information
about the water quality going 1n and out of the system 20.
Further, the system 20 may output, via the digital display,
flow and volumetric information to the end user. This data
may be used to determine when one or more of the cartridges
need to be changed and/or when there 1s an error in the
system operation. Because temperature aflects the flow rate
of a membrane element, 1t could be considered useful for
either a customer or service technician to have easy access
to temperature data. Temperature data could be displayed,
collected through a wired device, and/or collected wire-
lessly.

A first or low pressure switch 150 may be used to detect
low pressures or a vacuum at a point in the system before or
upstream of the pump 22 and the first solenoid 48. If the
pressure 1s too low, the first pressure switch 150 may provide
a reading to the controller 30 indicating that water pressure
1s low and/or that there 1s no water source. The second or
high pressure switch 138, which may be located downstream
of the first pressure switch 150, may indicate that there 1s a
demand for water after the RO cartridge 26. When the high
pressure switch 138 obtains a high pressure reading, then the
controller 30 may will signal the system to shut down. If the
high pressure switch 138 obtains a pressure reading that
drops below a specific pressure, the controller 30 may
instruct the system to begin filtering water.

In some embodiments, the system 20 may include fewer
components than the systems described above for any num-
ber of reasons including cost savings, available space con-
siderations, or for some other reason. For example, and
referring to FIG. 25, the system may include one or more of
the pump 22, one or more of the tlow meters 28, the RO
clement 26, the pre-filter 40, the post-filter 42, the inlet
solenoid valve 48, the first check valve 130, the high
pressure switch 138, the drain line 144, and the concentrate
recirculation portion including the tlow restrictor 148. As a
result, one or more of the sensors 28, including one of the
temperature sensors and one of the flow meters, the tlush
tank 24, the third solenoid valve 128, the third check valve
134, the TDS meter 29, and/or the second permeate check
valve 132 may be excluded from the system 20. Any of the
abovementioned components of the system 20 may be
excluded or rearranged within the system 20 to optimize the
system, for cost savings, for efliciency, or for some other
reason.

Further, referring to FIG. 26, the system 20 may include
the pump 22, one of the sensors 28, which may be a flow
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meter, the RO element 26, the post-filter 42, the inlet
solenoid valve 48, the flush solenoid valve 49, the first check
valve 130, the high pressure switch 138, the drain line 144,
the flow restrictor 148, the low pressure switch 150, a first
pre-filter 152, and a second pre-filter 154. As water enters
the system 20, 1t passes through the first pre-filter 152, past
the low pressure switch 150, and through the inlet solenoid
valve 48 11 the inlet solenoid valve 48 1s open. If the nlet
solenoid valve 48 1s closed, water 1s not permitted to pass
into the system. If the inlet solenoid valve 48 1s open, water
passes through the inlet solenoid valve 48, through the
second pre-filter 154, and 1nto the pump 22. The pump 22
pumps the water into the RO element 26.

Water that 1s 1n the RO element 26 can be directed either
toward the drain line 144 or toward a faucet 150. Water that
1s directed toward the drain line 144 exits the RO element 26
and 1s directed either through the flow restrictor 148, and
ultimately back to the pump 22, or the water 1s directed to
the drain line 144 through the flush solenoid valve 49. If the
flush solenoid valve 49 1s open, water can flow through the
flush solenoid valve 49 to the drain 147. If the flush solenoid
valve 49 1s closed, the water 1s directed through the con-
centrate recirculation loop by flowing through flow restrictor
148. Water that 1s directed to the faucet 160 1s directed out
of the RO element, flows through the first check valve 130,
through the post-filter 42, past one of the sensors 28, which
may be a tlow meter, past the high pressure switch 138, and
out of the faucet 160.

Still further, referring to FIG. 27, the system 20 may
include the pump 22, one or more sensors 28, one or more
TDS meters 29, which may be a tflow meter, the RO element
26, the post-filter 42, the inlet solenoid valve 48, the flush
solenoid valve 49, the first check valve 130, the high
pressure switch 138, the drain line 144, the flow restrictor
148, the low pressure switch 150, a first pre-filter 152, and
a second pre-filter 154.

In one alternative embodiment, the system could use
another type of membrane filter other than a reverse osmosis
membrane. In another alternative the system could have two
membranes 1n parallel or series. In another alternative the
system could function without a pump. In one alternative the
system would have a post-filter that had disinfection capa-
bilities either through UV, MF, or UF technology. The
sensors 28 and/or the TDS meters 29 described herein may
be the same throughout the system 20, or they may be
different.

The mvention claimed 1s:

1. A tankless reverse osmosis water filtration system for
residential use, comprising:

a housing;

a pre-filter element disposed within the housing, the
pre-filter 1n fluild communication with an inlet of a
pump,

a reverse osmosis element disposed within the housing a
coupled with an outlet of the pump;

a reverse osmosis manifold, wherein the reverse osmosis
manifold comprises a reverse osmosis cap with a ring
fixedly secured to the reverse osmosis manifold and a
head rotational within the ring, the ring including a
plurality of engagement slots each corresponding to
one ol a plurality of engagement protrusions on the
reverse osmosis element and the head including a
plurality of cammed slots each corresponding to one of
the engagement protrusions and engagement slots, and
wherein, when the engagement protrusions are slid mnto
the engagement slots and engage the corresponding
cammed slot, rotation of the reverse osmosis element 1in
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a first direction causes movement of the reverse osmo-
s1s element axially towards the reverse osmosis mani-
fold;

a first solenoid valve disposed between a first outlet of the
reverse osmosis element and a drain line;

a post-filter element disposed between a second outlet of
the reverse osmosis element and a faucet line;

a flush loop 1n parallel with the reverse osmosis element,
wherein the flush loop recycles a portion of fluid from
the second outlet of the reverse osmosis element to an
inlet of the reverse osmosis element downstream of the
pump,

a concentrate recirculation loop comprising at least one
total dissolved solids meter, wherein the concentrate
recirculation loop recycles a portion of tluid from the
drain line to the inlet of the pump; and

at least two electronic leak detectors disposed within the
housing and connected to a controller, the controller
configured to send a signal when at least two of the at
least two electronic leak detectors sense a leak.

2. The system of claam 1 further comprising a second
solenoid valve located upstream of the first pre-filter ele-
ment.

3. The system of claim 2 further comprising a second
pre-filter element located upstream of the second solenoid
valve.

4. The system of claim 3 further comprising a total
dissolved solid meter located between the first pre-filter
clement and the second pre-filter element.

5. The system of claim 2 further comprising a low
pressure switch located upstream of the second solenoid
valve.

6. The system of claim 1 further comprising a high
pressure switch located between the post-filter and the
faucet.

7. The system of claim 6 further comprising a flow meter
located between the post-filter and the high pressure switch.

8. The system of claim 1 further comprising a flow
restrictor located between the first outlet of the reverse
osmosis element and the inlet of the pump.

9. The system of claim 1 further comprising a check valve
located between the first pre-filter element and the post-filter
clement.

10. The system of claim 1 further comprising at least one
of a temperature sensor or a total dissolved solids meter
located upstream of the pre-filter.

11. The system of claim 1 further comprising a total
dissolved solids meter located downstream of the post-filter.

12. A tankless reverse osmosis water filtration system for
residential use, comprising:

a housing having a removable cover, the housing sized to

be mounted under a sink;

a pump 1 communication with a pre-filter element, a
reverse osmosis element having a neck at a first end
with a plurality of engagement protrusions extending
radially from the neck, and a post-filter element, and
the pre-filter element, the post-filter element, and the
reverse osmosis element fluidly coupled with a reverse
osmosis manifold to form a fluid path through the
housing; and
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at least two electronic leak detectors disposed within the
housing and the cover, the cover being releasably
attachable to the housing,

wherein the reverse osmosis manifold comprises a reverse

osmosis cap with a ring fixedly secured to the reverse
osmosis manifold and a head rotational within the ring,
the ring including a plurality of engagement slots each
corresponding to one of the plurality of engagement
protrusions and the head including a plurality of
cammed slots each having an end surface, wherein each
of the cammed slots corresponds to one of the engage-
ment protrusions and engagement slots,

wherein, when the engagement protrusions are slid into

the engagement slots and engage the corresponding
cammed slot, rotation of the reverse osmosis element 1n
a first direction causes movement of the engagement
protrusions within the cammed slots and the reverse
osmosis element axially towards the reverse osmosis
manifold until the engagement protrusions contact the
end surfaces of the cammed slots,

wherein further rotation of the reverse osmosis element 1n

the first direction when the engagement protrusions
contact the end surfaces of the cammed slots causes
rotation of the head, and

wherein the at least two electronic leak detectors are

connected to a controller configured to send a signal to
the pump when at least two of the at least two electronic
leak detectors are activated.

13. The system of claim 12 further comprising a first
solenoid valve located along a drain line of a first outlet of
the reverse osmosis element, and a second solenoid valve
located upstream of the pre-filter element.

14. The system of claim 13 further comprising a low
pressure switch located upstream of the second solenoid
valve, and a high pressure switch located downstream of the
post-filter element.

15. The system of claim 12 further comprising a concen-
trate recirculation loop fluidly coupled with an outlet of the
reverse osmosis element and the inlet of the pump.

16. The system of claim 15 further comprising a flow
restrictor located between the outlet of the reverse osmosis
clement and the inlet of the pump along the concentration
recirculation loop.

17. The system of claim 12 further comprising a sensor
associated with one of the reverse osmosis element or the
reverse osmosis manifold to alert a user when the reverse
osmosis element has been installed properly.

18. The system of claim 17 further wherein the reverse
osmosis element includes a snap feature that provides tactile
teedback to the user when the reverse osmosis element being
1s 1nstalled properly.

19. The system of claim 12, wherein the cam slots each

have an end wall and further rotation of the reverse osmosis
clement 1n the first direction after the engagement protru-
sions contact the end walls results 1n rotation of the revolv-
ing ring in the first direction.
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